The chemical composition of a leaf oil sample from Ivoirian Xylopia staudtii Engler & Diels (Annonaceae) has been investigated by a combination of chromatographic [GC(RI)] and spectroscopic (GC-MS, 13 C NMR) techniques. Thirty-five components that accounted for 91.8% of the whole composition have been identified. The oil composition was dominated by the furanoguaiadienes furanoguaia-1,4-diene (39.0%) and furanoguaia-1,3-diene ( 7.5%), and by germacrene D (17.5%). The composition of twelve other leaf oil samples demonstrated qualitative homogeneity, but quantitative variability. Indeed, the contents of the major components varied substantially: furanoguaia-1,4-diene (24.7-51.7%) and germacrene D (5.9-24.8%). The composition of X. staudtii leaf oil is close to that of X. rubescens leaf oil but varied drastically from those of the essential oils isolated from other Xylopia species.
Xylopia staudtii Engler & Diels (Annonaceae; synonym: X. mayombensis De Wild., Xylopicrum staudtii Kuntze) is a tree of the West African evergreen forest, growing wild in various countries around the Gulf of Guinea, from Sierra Leone to Angola. It is known as "bush pepper" or "Guinea pepper tree" (English) or as "Fondé" or "Xylopie de la Côte d´Ivoire" (French). Its straight bole may reach 30 m in height. The whitish wood is commonly used locally (construction work, carpentry, chairs). Powdered aromatic bark is taken in the Ivory Coast as a sinus decongestant and a barkmacerate is used in Gabon for headache. The black fruits, about 5 cm long and fairly thick, are a form of 'bush pepper' [1a-c] .
In contrast with other Xylopia species, very little is known about the phytochemistry of X. staudtii. The composition of its stem bark oil of Cameroonian origin was dominated by oxygenated sesquiterpenes: 1,5-epoxysalvial-4(14)-ene (16.5%), caryophyllene oxide (15.0%), -cadinol (9.7%) and spathulenol (7.7%). Sesquiterpene hydrocarbons were also present in appreciable amounts: -copaene (5.4%), (E)--caryophyllene (3.4%) and -elemene (3.0%) [2] .
In continuation of our on-going work related to the characterization of aromatic and medicinal plants from Ivory Coast [3a-c], we investigated the chemical composition of the essential oil isolated from leaves of X. staudtii. We first report on the detailed analysis of an oil sample by a combination of chromatographic [GC(FID), GC(RI)] and spectroscopic techniques (GC-MS, 13 C NMR). Then, the compositions of twelve other samples have been investigated in order to observe homogeneity or to evidence chemical variability.
Chemical composition of a leaf oil sample from X. staudtii by GC(RI), GC-MS and 13 C NMR: Leaves of Xylopia staudtii produced a reddish essential oil with yields between 0.19% and 0.29%. A sample, selected on the basis of its chromatographic profile, was subjected to GC(RI), GC-MS and 13 C NMR analysis, following a computerized method developed in our laboratory [4] . In total, 35 components, accounting for 91.8% of the whole composition, have been identified. This oil sample is predominantly composed of sesquiterpenes (25 components out of 35, accounting for 86.7% of the whole composition). Among the monoterpenes, it could be mentioned the occurrence of the unusual hydrocarbons 3,3-dimethyl-1-vinylcyclohex-1-ene (5) and 4,4-dimethyl-2-vinylcyclohex-1-ene (6), recently identified for the first time as natural compounds in the root bark oil from Ivoirian X. aethiopica [3a] . Sesquiterpene hydrocarbons are predominantly represented by germacrene D (21) (17.5%) beside (E)--caryophyllene (15) (3.9%), germacrene B (27) (2.6%) and -elemene (13) (2.2%). Three oxygenated sesquiterpenes bearing the furan substructure have been identified, furanoguaia-1,4-diene (32) (the main component of the EO, 39.0%), accompanied by furanoguaia-1,3-diene (33) (7.5%) and furanoguai-4-ene (30) (1.1%). Compounds 32 and 33 were isolated for the first time from X. rubescens leaf oil and their structures elucidated [3b]. Compound 20, 1H,7H,10H-guaia-4,11-diene, was identified by comparison of its 13 C NMR chemical shifts with those reported by Blay et al. [5] , who obtained the compound by synthesis. Its presence was also reported in X. rubescens leaf oil [3b]. Order of elution and percentages are given on apolar column (BP-1). RIa, RIp: retention indices measured on apolar (BP1) and polar (BP20) capillary columns, respectively. RI lit : retention indices reported in the literature, ref [6] Order of elution and percentages of individual components are given on apolar capillary column (BP-1). Components with percentage noted in bold have been identified by GC(RI) and 13 C NMR. Other components have been suggested by comparison of their retention indices on both capillary columns. tr < 0.05%. # : Percentages calculated by combination of GC and 13 C NMR. Locality of harvest: Agb = Agboville : Aza = Azaguié. Various compounds have been identified in a few samples when in appreciable amount: sabinene (0.8%, S12); p-cymene (0.6%, S8; 0.5%, S12); limonene (0.7%, S12; 0.5%, S13); (Z)--ocimene (2.5%, S12); -copaene (1.2%, S13); rotundene (0.8%, S13); -selinene (0.6%, S13); bicyclogermacrene (0.6%, S13); -cadinene (0.8%, S4); γ-eudesmol (0.7%, S13) and -eudesmol (0.9%, S13).
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Finally, the oil sample contained also low amounts of non-terpenic oxygenated components, (8Z,11Z,14Z)-heptadec-8,11,14-trien-2-one (34) (0.4%) and (8Z,11Z,14Z)-heptadec-8,11,14-trien-2-ol (35) (0.2%). It should be pointed out the key role of 13 C NMR spectroscopy in the identification and quantification of furanoguaiadienes 32 and 33. 13 C NMR demonstrated also that -elemene is produced by the plant and is not a side product from the thermal isomerization of germacrene A. In contrast, germacrene B partially isomerizes to -elemene, taking into account that the latter compound has been identified by GC(RI) and GC-MS, but was not detected in the 13 C NMR spectrum of the EO (recorded at room temperature).
Chemical variability of Ivoirian Xylopia staudtii leaf oil
Natural Product Communications Vol. 10 (6) 2015 1061 Chemical variability of Ivoirian X. staudtii leaf oil: In total, thirteen oil samples (including sample S6 whose composition has been reported in the previous paragraph) have been isolated from leaves collected from individual trees grown in two Ivoirian forests, located near Agboville and Azaguié, two cities of Southern Ivory Coast. They have been subjected to GC(RI) and 13 C NMR analyses and their compositions (major components) are compiled in Table  2 , following a decreasing order of the content of the major component, furanoguaia-1,4-diene (32). The compositions were qualitatively homogeneous, but varied quantitatively from compound to compound. Indeed, the content of furanoguaia-1,4-diene (32) ranged from 35.0% to 51.7% for 11 oil samples out of 13. It was accompanied by germacrene D (21) (5.9%-24.8%) and furanoguaia-1,3-diene (33) (6.7%-10.0%). All the samples contained the unusual 3,3-dimethyl-1-vinylcyclohex-1-ene (5) and 4,4-dimethyl-2-vinylcyclohex-1-ene (6), as well as the acyclic (8Z,11Z,14Z)-heptadec-8,11,14-trien-2-one (34) and trien-2-ol (35).
In sample S12, the content of furanoguaiadienes (32 and 33) was lower (24.7% and 4.7%, respectively), while this sample was characterized by a high amount of -pinene (17.9%). Sample S13 contained similar amounts of germacrene D (21) (14.8%), and furanoguaia-1,4-diene (32) (12.5%). In parallel, the contents of -elemene (13), cyperene (14) and (E)--caryophyllene (15) (8.8%, 6.9% and 6.1%, respectively) were higher.
The composition of Ivoirian X. staudtii leaf oil differed drastically from that of the stem bark oil from Cameroon, which was dominated by the oxygenated sesquiterpenes: 1,5-epoxysalvial-4(14)-ene (16.5%), caryophyllene oxide (15.0%), -cadinol (9.7%) and spathulenol (7.7%) [2] . It differed also from those of other Xylopia species such as X. aethiopica (dominated either by -pinene, or by the association of -pinene and germacrene D) [7] , X. villosa (composition dominated by sabinene or (Z)--ocimene) [8] 
GC (FID) and GC-MS analysis:
GC(FID) analyses were performed on a Perkin-Elmer Clarus 500 (FID) equipped with two fused silica capillary columns (50 m x 0.22 mm x 0.25 μm film thickness), BP-1 (polydimethyl siloxane) and BP-20 (polyethylene glycol). The oven temperature program was: 60-220°C at a rate of 2°C/min and then held isothermal at 220°C for 20 min. Helium was the carrier gas at a 1.0 mL.min -1 flow rate. The injector and detector temperature was 250°C. Samples were injected with a 1:60 split ratio. The relative amounts of individual components were expressed as percentages, obtained by peak area normalization, without response factor correction. GC-MS of sample S6 was performed on a Perkin-Elmer TurboMass detector, directly coupled to a Perkin-Elmer Autosystem XL, equipped with a fused-silica capillary column (60 m x 0.22 mm x 0.25 μm film thickness) of Rtx-1 (polydimethylsiloxane). Helium was the carrier gas at a flow of 1.0 mL.min -1 ; 1:80 split ratio; 0.2 μL injection volume. The oven temperature was programmed rising from 60° to 230° at 2°C/min and then held isothermal for 45 min. MS were taken at 70 eV and fragments from 35-350 Da.
C NMR analysis:
13 C NMR spectra were recorded on a Bruker AVANCE 400 Fourier Transform spectrometer operating at 100.623 MHz for 13 C, equipped with a 5 mm probe, in CDCl 3 . Spectra were recorded with the following parameters: pulse width (PW), 5 µs (flip angle 45°); acquisition time, 2.7 s for 128 K data table with a spectral width (SW) of 25,000 Hz (250 ppm); digital resolution 0.183 Hz/pt. Number of accumulated scans: 3,000 (50 mg of EO in 0.5 mL of CDCl 3 ).
Identification of individual components:
All the oil samples were analyzed by GC(RI) and 13 C NMR spectroscopy. Sample S6 was also subjected to GC-MS analysis. Identification of individual components was based: (i) on comparison of their GC retention indices (RI) on apolar and polar columns, determined relative to the retention times of a C 6 -C 28 n-alkane series with linear interpolation ('Target Compounds' software of Perkin-Elmer), with those of either authentic compounds or literature data [10a,b] , (ii) by computer search using digital libraries of mass spectral data [11a-b] and comparison with published data [10a,b] , (iii) by 13 C NMR spectroscopy, following the methodology developed and computerized in our laboratories, using home-made software [4a-c] .
